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ABSTRACT

This report summarizes meteorological data collected from five Minerals Management Service
(MMS) stations, along with existing data from supplemental stations along the Beaufort Sea
coast. Data were collected for the MMS stations from January 2001 through September 2006
spanning a 100 km stretch of the Beaufort Sea coast centered on Prudhoe Bay, Alaska. The
MMS meteorological monitoring stations were located at Milne Point F Pad, Cottle Island,
Northstar Island, Endicott Satellite Drilling Island, and Badami. Data from the five MMS
meteorological monitoring stations, along with wind data from 29 third party supplemental
monitoring stations dating to 1984 has been compiled in the MMS Nearshore Beaufort Sea
Weather Database, 1984-2006. The database contains nearly 1.7 million hours of
meteorological data and spans from Barrow to Hershel Island, Yukon Territory. For this study,
eight of the 29 supplemental stations were selected for wind speed and direction comparison and
data analysis with the five MMS stations. Supplemental stations were selected for comparison
based on the stations location, operational history, and data quality.

The data are generally similar among most of the sites, although statistically significant
differences are shown to exist among different sites and among seasons. The data support the
meteorological effects theorized by Dr. Thomas Kozo in the 1980s of a summer sea breeze effect
and orographic effects of the Brooks Range. The data indicate that the sea breeze effect is
stronger in the summer months of May through July than the remainder of the year, although it is
evidenced through September. During the early summer, onshore winds dominate local weather
patterns in terms of both wind direction frequency and duration. The sea breeze effect is most
pronounced at sites closest to the coastline; with the ratio of onshore to offshore winds in
summer indicating a strong correlation to distance offshore. Summer wind speeds appeared to
be highest centered on the coast, with wind speeds dropping with both distance offshore and
inland. However, offshore data is limited to islands within several miles of the mainland.

The dominance of onshore winds correlates to latitude as well in the Beaufort Sea region for
most stations in the study area. A higher ratio of onshore winds to offshore winds was observed
as a function of north latitude for the stations included in the study, with the exception of
Barrow, which receives influences from the Chukchi Sea.

The increasing wind speeds and the flattening of the wind roses as one moves east corroborate
Kozo’s prediction of orographic influences of the Brooks Range. This is especially noticeable at
the easternmost stations, where wind direction tends to parallel the longitudinal axis of the
Brooks Range. The close proximity of the mountains has the greatest effect at Komakuk Beach,
where the Brooks Range is just 10 km from the coast.

In addition to comparisons of wind patterns among the stations, other meteorological data from
the five MMS stations were analyzed. Temperatures were found to exhibit a bimodal
distribution, with temperatures for approximate open water periods centered more tightly around
0 degrees Celcius (°0 C), and approximate iced ocean periods varying more widely. A wider
temperature range was observed at stations just a few miles inland from the coast. Parameters of
barometric pressure, solar radiation, and humidity were found to vary slightly from station to
station, while varying significantly on a seasonal basis.

MMS Meteorological Monitoring Page 1 Study Final Report
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It was discovered over the course of this project that 3-cup anemometers will pack with snow
and under-report wind speed in mid-winter at some arctic coastal sites. It was demonstrated
through simultaneous operation that propeller-style wind sensors are a far more reliable means of
collecting wind data in this region. Therefore, the use of propeller-style wind instruments is
recommended in all future studies where icing might be an issue.
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1 INTRODUCTION

This report presents the results of the 2001- 2006 Nearshore Beaufort Sea Coast Meteorological
Monitoring Project commissioned by the U.S. Department of the Interior Minerals Management
Service (MMS). This work was performed by HCG, Inc., d.b.a., Hoefler Consulting Group
(HCG) under MMS Contract No. 1435-01-05-CT-39307.

The purpose of this study was to gather meteorological data by combining existing data sets from
the Beaufort Sea region and by deploying five new meteorological monitoring stations in the
Prudhoe Bay area. This methodology provided a comprehensive time-series of wind data of the
nearshore Beaufort Sea for use in MMS models, such as the Oil Spill Risk Analysis (OSRA),
Coastal Zone Oil Spill (COZOIL), the future Beaufort Sea Mesoscale Meteorological model, and
oil weathering and nearshore circulation models. MMS predicts that in the near future oil and gas
development will expand in the nearshore region of the Beaufort Sea, and additional wind
modeling is needed in these areas. Data sets collected prior to this study were not suitable for
use in MMS models because the data sets were too limited (e.g. three month offshore exploration
projects) or the distance from the area of interest was too great (e.g. Barrow or Barter Island).

For nearly six years, the five new MMS meteorological monitoring stations were deployed by
HCG along the Beaufort Sea coast near Prudhoe Bay, in regions of current oil production. Four
of the five meteorological monitoring stations (Badami, Endicott, Milne Pt., and Northstar) were
installed in late 2000, and began collecting data in January 2001. A fifth monitoring station was
installed in August 2002 on Cottle Island. Stations installed and operated for this study collected
data for wind speed and direction, wind sigma (a measure of turbulence), temperature, relative
humidity, solar radiation, and barometric pressure.

In addition, this study includes data from a total of twenty nine supplemental meteorological
monitoring sites spanning 650 km along the Beaufort Sea coast from Barrow in the west to
Herschel Island in the east. These twenty nine stations have been operated by other private,
educational, and government entities.

The primary purpose of this report is to focus on the most pertinent data and results. Because
this program was foundationally a study to aid in modeling wind fields to predict oil spill
movements, the main emphasis of this report is on the wind speed and direction data. Variables
of secondary interest (e.g. temperature, wind sigma, barometric pressure, solar radiation and
relative humidity) are included but given less thorough treatment.

The Background section for this report details the history of the MMS stations, as well as prior
research used for the study. Section 3, Methods, describes the collection of new meteorological
data, as well as collection of data from supplemental stations. Section 4, Results, presents results
of data analysis in both statistics and graphs for both the MMS and supplemental stations,
followed by Section 5, Discussion, additional analysis of data and comparisons to prior research.
Finally, Section 6 summarizes the conclusions of the key findings of the study, with
recommendations for future research.

The study concludes that a sea breeze effect characterized by strong onshore winds is present
during the summer months, especially during May through July. Onshore winds during this time
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frame dominate in both frequency of onshore direction, and duration of the wind events. The sea
breeze effect is most pronounced at sites closest to the coastline; with the ratio of onshore to
offshore winds in summer indicating a strong correlation to distance offshore, and summer wind
speeds appearing higher near the coast. In conjunction with the sea breeze effects, the
orographic effects imposed by the Brooks Range on climatology of the region are exhibited at
stations toward the eastern and inland portions of the study area.

MMS Meteorological Monitoring Page 4 Study Final Report
Beaufort Sea Coast



Hoefler Consulting Group

2 STUDY BACKGROUND

2.1 MMS Meteorological Monitoring Station History

The five MMS meteorological monitoring stations built and operated by HCG span about 100
km along the Beaufort Sea coast from western Simpson Lagoon to Mikkelsen Bay. These
stations collected a variety of parameters, including wind speed and direction, wind sigma (a
measure of turbulence), temperature, relative humidity, solar radiation, and barometric pressure.

Four of the five stations were located at facilities operated by BP Exploration (Alaska) Inc.
(BPXA): the Badami storage pad, the Endicott Satellite Drilling Island (SDI), the top of the
Northstar personal living quarters (PLQ) on Seal Island, and Milne Point F-Pad. These four
stations were installed in the early winter of 2000, and began collecting data January 1, 2001.
The fifth station on the east end of Cottle Island was added to the study beginning on August 21,
2002.

Data collection by HCG for this project effectively ended September 30, 2006. The Northstar
station has been decommissioned; however, the other four monitoring stations are still in
operation. The University of Alaska, Fairbanks (UAF) Water and Environmental Research
Center (WERC) has assumed ownership of the Badami, Milne Point, and Cottle Island stations
as of early 2007. Information and data from these stations can be publicly accessed at the
WERC website, http://www.uaf.edu/water/projects/nsl/nslakes.html. BPXA has assumed
ownership of the Endicott station through at least the end of 2008.

Over the life of this project HCG prepared 23 Quarterly Data Reports for MMS, which
summarize the stations’ operating history, equipment and collected data in detail. Two previous
reports were prepared as part of the meteorological monitoring project during the course of data
collection. The Interim Analysis Report for the Beaufort Sea Meteorological Monitoring and
Data Synthesis Project (HCG, July 2003) analyzed data collected for the first two years of the
study, while the Final Study Report for the Beaufort Sea Meteorological Monitoring and Data
Synthesis Project (HCG, July 2006) included the first 4% years of study data. Both of these
reports analyze only data collected by the MMS stations and supplemental station data are not
included.

2.2 Prior Research

Research by Dr. Thomas Kozo in the 1980s demonstrated that arctic regional circulation models
based upon upper air pressure fields are inaccurate predictors of surface winds within 20 to 30
kilometers (km) of the Beaufort Sea Coast. The two major effects predicted to explain the
differences are:

1. The existence of an arctic sea breeze effect [Kozo, 1982]; and

2. Orographic effects caused by the Brooks Range on Alaska’s eastern Beaufort Coast
[Kozo and Robe, 1986].

Kozo suggests that the sea breeze effect influences an area centered along the coastline that is
approximately 40 km in width, while orographic effects of the Brooks Range influence an area
extending at least 50 km offshore from Camden Bay to Mackenzie Bay.
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The arctic sea breeze effect described by Kozo [1982] occurs during the summer, when ice-free
conditions occur and daylight is almost constant in the Arctic. The long days lead to a land-sea
thermal imbalance, with the land always being warmer. This causes the upper air surface to
slope seaward, causing offshore pressure to rise and inducing a shoreward wind (east to north-
east in the Beaufort). In contrast to the well-known sea breeze effect of the lower and mid-
latitudes, this wind is consistently shoreward. Because the sun does not set for long periods
during the arctic summer, there is never a reversal of temperature gradients resulting in a lack of
seaward breezes that are commonplace in coastal areas at lower latitudes.

The effects of the Brooks Range are somewhat more complex than the arctic sea breeze effect.
Due to the stable atmospheric boundary layer typical in the Arctic, air flow around the Brooks
Range almost always presents less of an obstacle than air flow over it. This effect leads to
changes in wind speed and direction relative to in model predictions. The exact nature of the
diverted flow is dependant on the orientation of the wind field.

Figure 2-1 [Dickey, 1961] shows the effect of a cylindrical barrier of infinite height on a non-
rotating wind field. Zones A and B are areas of subgeostrophic and supergeostrophic' speeds,
respectively. The major effect of the obstacle extends approximately one radius away from the
cylinder.

Figure 2-1. Effect of a Cylinder on a Wind Field

! “Geostrophic” wind speed is the speed resulting from the balance between the Coriolis force and the pressure
gradient force acting on a parcel of air in the absence of friction or terrain effects. Most of the atmospheric wind
outside the tropics is close to geostrophic flow most of the time. “Supergeostrophic” and “subgeostrophic” refer to
wind speeds above and below what would be predicted by the geostrophic approximation, respectively.
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Dickey found that the 600 meter elevation contour of the Brooks Range acts as the top half of
such a cylinder with a 274 km radius. That finding translates into an effect which has significant
influence over most of the Beaufort Sea coast, stretching from Teshekpuk Lake in the west to the
far side of the Mackenzie River delta in the east.

Select model results presented by Kozo and Robe [1986] are reproduced in Figure 2-2 through
Figure 2-4. These maps show the orographic effects of the Brooks Range in multiples of the
geostrophic wind speed for synoptic-scale flow from the northeast, east, and northwest. The
coastline shown by these maps stretches from just west of Prudhoe Bay to the Mackenzie River
delta. The bold dotted semicircle represents the 600 meter elevation contour. To aid in
understanding the relevance of these results to the stations discussed in this study the location of
the stations at Deadhorse, Badami, Barter Island, and Komakuk Beach have been labeled with a
red “D”, “B”, “BI”, and “K”, respectively.

Figure 2-2. Wind Speeds for Northeasterly Wind
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Figure 2-3. Wind Speeds for Easterly Wind
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Figure 2-4. Wind Speeds for Northwesterly Wind
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2.3 Overall Climatology of the Region

The climate of the nearshore region of the Beaufort Sea is a polar maritime subtype within the
arctic climate zone. The arctic climate is characterized by high spatial variability, and includes
both polar maritime and continental climate subtypes. The polar marine climate subtype is
influenced by the ocean, versus the polar continental climate subtype which is more influenced
by large land masses. The southern limit of the Arctic and the region of arctic climate is
commonly placed at the Arctic Circle, latitude 66 degrees, 32 minutes North. However, the
arctic climate zone has also been defined as:

e The area north of the treeline (e.g., the northern limit of upright tree growth); or

e Locations in high latitudes where the daily average summer temperature is less than 10
degrees Celsius (°C).

The main constant of any arctic climate such as the nearshore region of the Beaufort Sea is that
the area is affected by the extreme solar radiation conditions of high latitudes. The low sun angle
in summer means that minor topographic features, such as low hills, can cause major differences
in climate at the local level because of shading. The high reflectivity or albedo of snow and ice
surfaces minimizes absorption of solar radiation. As a result, heat gain during the summer is
small and highly dependent on surface properties such as a topography and albedo.

In general, the weather is controlled by semipermanent low pressure systems that are weakly
developed in summer, but stronger in winter. A semipermanent high pressure system over the
Canadian Arctic Archipelago also exerts a strong influence on winter weather. The result is that
the nearshore region of the Beaufort Sea is typified by cold winters with frequent storms.
Temperature inversions in which warm air lies above colder air are common during calmer
winter periods.

Summers are typically cloudy but mild. Summertime temperature inversions are less frequent
and weaker. Permafrost is common, so that thawing in summer occurs only in the top few
meters of ground. The result is poor water drainage, waterlogged soils, numerous lakes and
ponds, and a humid atmosphere.
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3 METHODS
3.1 Elements of the Study

This study included four key elements:

(1) Collection of new meteorological data,

(2) Collection of supplemental wind data,

(3) Development of meteorological databases for the collected data, and
(4) Analysis of the collected data in quarterly reports and this report.

The first three tasks above were conducted as follows:
3.1.1 Collection of New Meteorological Data

A primary element of this study was the collection of new meteorological data from the
nearshore Beaufort Sea region of Alaska. The study included a total of five meteorological
monitoring stations. Four new stations were established for this study at Badami, Endicott,
Northstar, and Milne Point in January 2001. To address concerns about wind interferences at
Northstar, a fifth station was installed on Cottle Island in August 2002. The observed parameters
for this study were wind speed, wind direction, air temperature, barometric pressure, relative
humidity, and incoming solar radiation. All parameters were monitored continuously. Data
collection for MMS continued through September 2006.

3.1.2 Collection of Supplemental Wind Data

In addition to the HCG-operated MMS stations, wind data for 29 other sites were obtained from
public and private sources, representing all available wind data collected near the Beaufort Sea
coast for the period 1984 through September 2006. Many of these data sets consist of only a few
months of data. Only wind data collected approximately every hour was included in the
database. Data sets were limited to an area stretching from Barrow to Herschel Island (just east
of the Alaska-Canada border). An updated version of the database was presented to MMS in
June 2007.

3.1.3 Development of Meteorological Database

A system of data management was developed to support the collection of the new and historical
meteorological data. After reformatting and quality assurance, these data were compiled into an
Access database entitled the “MMS Nearshore Beaufort Sea Weather Database, 1984-2006.”

Throughout the study period, newly collected data from the five MMS stations were downloaded
every working day to an Anchorage-based server. After review, the data were posted to a web-
enabled database, and was available for public access on the Beaufort Sea Meteorological
Monitoring and Data Synthesis Project website.

The supplemental meteorological data sets were identified, collected, and quality-assured to the
extent practical and delivered to MMS as an electronic Access database. This database
represents a comprehensive collection of weather observations for the Beaufort Sea coast,
containing all available valid hourly data collected by any significant station operating along the
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U.S. or Canadian coastline from 1984 through 2006. This collection of nearly 1.7 million
station-hours of data should prove to be a valuable resource for MMS and the public in modeling
the meteorology of this region.

3.2 MMS Stations
3.2.1 Locations

This study includes a total of 34 meteorological monitoring sites spanning 650 km along the
Beaufort Sea coast from Barrow in the west to Herschel Island in the east. This station set
includes the five MMS stations operated by HCG and the 29 supplemental weather stations
operated by other parties. Table 3-1 provides the coordinates for each MMS station in decimal
degrees.

Table 3-1. MMS Station Coordinates

Site Latitude Longitude
Badami 70.136° N 147.009° W
Cottle Island 70.499° N 149.093° W
Endicott 70.323° N 147.865° W
Milne Point 70.507° N 149.662° W
Northstar 70.490° N 148.698° W

The MMS monitoring sites were selected to measure the nearshore winds along the Beaufort Sea
coast in the vicinity of proposed offshore oil and gas development. These sites were located in a
manner consistent with the Environmental Protection Agency (EPA) Prevention of S